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FOREHORD 


This l8 the fifteenth eenlannual status report on NASA Grant 
NSG-5012. The grant period Is fron June 15 » 1974 to January 31 » 1982 
and Includes nine extensions and Increases to the scope and funding of the 
program. The total funding to date Is $696*433 of NASA funds and $35*961 
In Georgia Tech cost-sharing funds* for a total of $732*394. Current grant 
fimdlng Is at a level of $60*000 with Georgia Tech providing $3,158. The 
current grant period extends through January 31* 1982. 

As Indicated In previous reports* and although not required by the 
grant* Informal monthly letter type reports have been written and furnished 
to the NASA/GSFC technical monitor* J. Larry King In order to keep him 
abreast of project activities on a current basis. We believe this provides 
a better opportunity for NASA to direct the technical efforts of the 
program for the maximum benefit of the government. Copies of each of the 
monthly reports for the current period (eigjity-three through eighty-seven) 
are contained In Appendix A. This fifteenth semiannual report will replace 
the eighty-eighth monthly letter (since this semiannual report Is being 
furnished during the time the el^ty-elghth monthly report would normally 
be written). 

Responsibility for technical effort on this grant lies In the 
Electromagnetics Laboratory* under the general supervision of R.G. 

Shackelford* Director. R.E. Forsythe has been appointed Principal 
Investigator of this program, which has the Internal project number* 

A- 1642. The program technical effort Is divided between the Radiation 
Systems Dlvljlon, responsible for source and mixer development* the Electro- 
Optics Division, responsible for radiometric measurements, quasioptlcal 
techniques, and analysis* and the Solid State Sciences Division* responsible 
for mn-wave mixer diode development. 

Contributors to the technical effort and/or this report during the 
past six month period Include: J.J. McSheehy* D.O. Gallentlne* R.V. McMilllan* 

G.N. Hill, J.M. Schuchardt* R.G. Shackelford* S.M. Halpem, and Student 
Assistants: C. Grizzle, J. Shaver* A. Miller, and B. Crawford. 
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INmODTOTIOH 


1.0 

During the past six aonths, efforts on this project have been devoted 
to: 1) the assembly and testing of 183 and 220 GRc 12 subharmonlcally 
pushed mixers; 2) the development of a computerised version of the 
automatic noise figure measurement system, and 3) the Investigation of 
Impedance matching techniques suitable for these types of mixers. 

Significant events during the past six months include: 

1) Design of narrow and broadband (one octave) matching networks 
for the subharmonic mixers; 

2) The completion of the automatic mixer noise figure test 
facility; 

3) The evaluation and characterization of sid>harmonlc mixers and 
systems that use them at 183 and 220 GHz; and 

4) The publication of these results at the lEEE-HTT International 
Conference on IR and MM-Waves during December 1981 at Miami 
Beach, Florida (see Appendix B) . 


2.0 MIXERS 


2.1 Noise Figure Measuremenf 

Noise figure neasurenents of several systeas using subharsMnlcally 
pumped mixers at 183 and 220 GHz have been made during the past six 
months. A summary of these measurements is presented in Table 1. Some 
of these systems have been delivered to other U.S. Government agencies 
that helped support some of this work. 

The measurements shown in this table represent levels of performance 
achieved under various conditions. Some measurements were made with 
cleaner local oscillators than others. Some were made using different 
IF amplifiers and different IF frequencies. Some were made with IF 
matching networks. Also, different types of corrugated horn antennas 
with different lengths of waveguide runs prior to the mixer were used 
during these measurements. A summary of easily achievable system noise 
figures and bandwidths using these t 3 rpes of mixers under the best set of 
conditions is given in Table 2. 

2.2 IF Impedance Measurements 

Measurements of IF impedance and system noise figure for a 225 GHz 
X2 subharmonically pusq>ed mixer were made as the LO power was turned up 
using a LO level set attenuator. The graph in Figure 1 shows a summary 
of the results. The horizontal axis is the micrometer reading on the LO 
attenuator and LO power is increased as the reading increases. 

The IF measurement was done using an IF ref lactometer and sweeper. 

The system noise figure was measured using a manual Y factor measurement. 
This set of measurements shows that an optimum LO level for this mixer 
had not been reached on this particular set of measurements. This graph 
illustrates the effect of IF mismatch on the system noise figure. The 
system noise figure remains the same as the LO power is increased while 
the loss due to IF mismatch goes up. This graph shows that the system noise 
figure cam be improved by IF matching, and that more LO power is needed for 
optimum mixer operation. This graph also indicates how much iaq>rovement 
can be obtained with matching, and can also be used to determine the IF 
impedance at the antiparallel diode pair. These data can then be used to 
design the matching network. It is significant that this set of data 
took almost a full day to compile using these particular maasuremant 
methods. 
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System Noise Figure (unmatched) 
System Noise Figure (matched) 
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HoiMvar. it would hovo takm auch lonftr to doccraloo the optlara 
operating point for the aixar using an itarativa procedure in which the 
syatea noise figure is optiaised; the IF aiaaatch is asasured; si^ tbs 
systea noise figure is than optiaized with an IF sacching network (aade 
to aatch the previously asasured IF iapadance). This procedurs would 
continue until the best possible noise figure is obtsln^. 

Figure 2 shows snother set of dsta taken in Just one hour using the 
autoastlc noise figure aeasureaent facility, idiich is described in aore 
detail later. These data were taken using s 183 Z2 subharaonlcally 
puaped aixer with an IF frequency of 2.0 to 4.0 GBt. 

2.3 Inpedance Matching Techniquea 

The types of iapadance aeasureaents that were lust described are 
valuable tools for alxer evaluation and optialzation. These asasure- 
sants using this autoaatlc noise figure test facility do not contain 
any phase infomatlon which is needed for lapedsnee astching. Fortunately, 
these aeasureaents can be coabined with a aixer IF equivalent circuit 
to obtain the phase infomatlon needed to design the IF astching 
networks. The equivalent circuit siapiy consists of a hi^ iapadance 
load at the end of a short section of 50 Oha transaission line (-0.4 inches). 
The aagnltude of the high lapedsnee lead can be detendned directly froa 
the IF aisaatch aeasureaents that are aade with the autoaatic noise 
figure test facility. Currently, two techniques arc being exaained 
for IF astching. The first Involves adding s length of 50 Oha transaission 
line until the IF iiq>edance is a real value at the center frequency of 
the IF band. Then a single or double stage quarter wave transforaer is 
used to aatch this iapadance to 50 Ohaa. The second technique also 
involves adding enough transaission line to get the sdxer iapadance at 
the center frequency of the IF band to eidiibit a real value. Then a 
resonant circuit is used to transfora the IF lapedsnee over the IF band of 
interest into a saaller circle around this real iapadance. A quarter wave 
trsnsfomsr is then used to astch this cat of iapedances to 50 Ohas. The 
second teclnique is expected to perfora better with the broad bandwldths 
required for these aixers. 
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Plgura 2. Sjstca HoIm Figure and IF Hisaatch Versus LO Power for a 183 <ai» 
X2 Subharannically P taped Hlaer. 


3.0 AUTCMATIC NOISE FIGURE MEASUBKMENY SYSTEM 


3.1 Syst— Description 

The autoBacic noise figure aeasureaent ayatea currently conaiats of 
two veraiona, analog and digital. The block diagram of thia ayat«i is shown 
in Figure 3. Both versions aeasure the systn noise figure and the 
nimatch to the mixer at the IF port. A square wave voltage is pres«nt 
at the output of the square law detector at a frequency corresponding 
to REF 1. This signal is generated by a fan blade chopper switch that 
causes the receiver or mixer under test to alternately view an LM 2 or 
room temperature* free space* absorbing load. The LN 2 load is enclosed 
in a styrofoam container and has been calculated and measured to exhibit 
a 100 K brightness temperature. 

The IF mismatch is measured using a noise diode that is Injected 
at the IF port via a 20 dB coupler. This noise diode* %rhen switched on 
and off at a frequency corresponding to REF 2* generates another 
square wave voltage that is superimposed on the previous one* and can 
be used to calculate the IF mlsisatch. The analog system automatically 
switches the noise diode on and off at the frequency REF 2 %dtlch can be 
switched between one fourth and one tenth of the frequency of REF 1. 

System noise figure* mixer noise figure* and IF mismatch are then 
measured and displayed continuously on the three front panel meters. 

This analog version is especially convenient for tuning and optiadzatlon 
of the mixer. 

The digital system goes one step further and actually calculates the 
values of the Y factor, IF mismatch* system temperature* system noise 
figure, and gain (in K/volt). This version uses an HP digital voltmeter 
with an HPIB compatible output connector to measure the square wave 
voltages corresponding to the system temperature and IF mismatch. This 
voltmeter is controlled by an HP 85 programmable computer with a 
printout capability. The program that controls the measurement is a 
user oriented program that asks for the input parameters as given in 
Table 3* and* to some extent* will tell you what to do if* and when* you 
key in the wrong data. 

This measurement program has several modes. These aie: 

1) setup; 

2) tuning; 
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Table 3 


INPUT PARAMETERS FOR NOISE FIGURE MEASUREMENT 


Current Parameters 


1. 

Mixer I.D. # 

- 6/183/3/3 

2. 

Chopper Frequency 

- 25.0 Hz 

3. 

Hot Load Temperature 

- 290.0 K 

4. 

Cold Load Temperature 

- 100.0 K 

5. 

IF Gain 

• 60.0 dB 

6. 

IF Bandwidth 

- 1.0 Qlz 

7. 

IF Noise Figure 

> 3.0 dB 

8. 

RF Losses 

» .75 dB 

9. 

Noise Diode ENR 

« -4 . 8 dB 

10. 

Video Amp Gain 

- N/A 

11. 

Square Law Detector 
Factor 

• 800 V/W 


Changes ?, Enter # or 0 for Exit ? 
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3) IF mismatch; and 

4) Parameter input. 

Setup must be done first. This mode simply asks for the date of 
the experiment to be entered. Then the parameter input mode is engaged 
to provide the necessary information to the program so that it may 
perform the calculations. The tuning routine is a repetitive measurement 
of noise figure that updates Itself at about one second Intervals. IF 
mismatch is not measured in this mode. 

The IF mismatch mode is a one time measurement of IF mismatch, 
system noise figure, and mixer noise figure. Once the mixer is tuned, 
the LO power can be varied to obtain plots similar to those shown 
earlier. Sample outputs of these two types of measurements are given in 
Table 4 . (A paper describing this system has been accepted for 
presentation at the May 1982 SPIE meeting in Washington, D.C.) 

3.2 Noise Figure/IF Mismatch Calculations 

The receiver alternately views an LN 2 load through a styrofoam 
container and a room temperature load. A chopper is used to switch 
between the two loads, a square wave voltage is then generated at the 
output of the receiver. Ihe coiq>uter uses these two voltages as well as 
the dc offset voltage (measured with the IF amplifier turned off) to 
determine the system noise figure. The equations for this measurement 
are: 




1) 

1 1 



c 
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3) P 
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10 log (-||| 
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Y factor; 
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sys 

System Noise Figure (dB) 
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Table 4 


OUTPUT OF DIGITAL AUTOMATIC NOISE FIGURE MEASUREMENT SYSTEM 


Mixer I.D. # 

« 6 

IF Mlsnetch 

• 1.6 dB 

Mixer Nolee Figure 

- 5.8 dB 

Y Factor 

- 1.050 

T 

- 3714 K 

eye 


System NF 

• 11.4 dB 

Gain 

- 2007 K/V 


Mixer I.D. # 

- 6 

Y Factor 

- 1.049 

T 

- 3781 K 

eye 

System NF 

- 11.5 dB 


IF NiSMtch 
Mode 


Tuning 

Mode 
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Systta Noise Teapersture (K); 


■ Output voltsge when viewing rooa te^>erature load; 

■ Output voltage when viewing cold load; 

and ■ Offset voltage when IP aaplifler is off. 

IF alsaatch is ateMSured using a one tlae Masureaent. Noise is 
Injected Into the alxer IF port with a noise diode and a 20 dB coupler. 
The reflected noise la then aeasured as a dc shift in the output voltage 
of the receiver. The loss due to IF alsaatch is then calculated using: 


M - 



» 


and 


Ljy - ENR - 10 log [B - Pjy(M - 1) ] 


where: 

■ Output voltage with noise diode on; 

• Output voltage with noise diode off; 

■ Loss due to IF alsaatch; 

ENR • Excess noise ratio of diode (dB); 

E ■ Excess noise ratio of diode (ratio) ; 
and Fjp - IP noise factor. 

Mixer noise figure is then calculated using:* 


sys 


Lpp - Lt» " ^ 


IF 


IF 


where : 

F^ ■ Mixer Noise Figure (dB); 

IB 

Lpp ■ RF losses prior to aixer (dB) . 


These calculations assume a aixer diode noise ratio of 1. 
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4.0 EFFORTS PLANNED IDR THE FIHST HALF OF 1982 


The vork planned for Che next six aonths will consist of s continus** 
Cion of Che work chsc has been described In this report, with Che 
addition of soae tasks. In particular, vork will begin on the 
integration of IF preaaiUlflers with these subharaonlc sdxers. Also, 
more X4 220 GHz mixer bodies will be machined so that research can 
continue with these mixers. 


APPENDIX A 

Monthly Progress Reports 
Ughty-three through Eighty-^seven 
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1.0 MIXERS 

8«v«ral X2 220 GHx alxar* war* aasMiblad and taxtad durlnf thla parted. 

Oaa axhlbltad a ayatan nolaa figura (D8B) of 13 dB ovar a 2-4 GHa IF bandwidth. 
Thia indlcataa a 9 dB nixar nolaa figura with a 1-2 dB InprovaaMnt axpactad 
ualng an IF matching natwork. Thla Improvamant la dua primarily to tha battar 
LO nolaa cancallatlon propartlaa of thla particular alxar and caraful tuning 
of tha 108 (%a Gunn/trlplar uaad for tha LO. Tha LO waa tunad for maximum 
output with minimum nolaa ualng a alngla andad alxar. Tha IF waa dlaplayad 
on a apectrum analyxar to monitor LO nolaa idilla tha ractiflad dc currant 
waa aonltorad to maaaura tha power output of tha LO. 

2.0 Work to ba Parfomed Purina tha Mext ^arlod 

Maaauraaanta on and aaaambly of thaaa alxara (both X2 and X4) will continue. 
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1.0 MiliTl 

Om of feh* 14 aix«i« which wm MMahlwd and tatted dtirlag thit aetth 
Mhibltad t 12 dB ajrataa noltt figura (MB) owar t 0.75-1.00 GM IV 
bandwidth. Tha alxar aeiaa flfura waa dataalaad to ba B.5 during thla 
aaaauraaant. A apaclal IP aatchlng network waa aada to help Mteh tha IF 
output port. IF ii^adanca and ayataa nolaa figura Maauraaanta waraua LO 
power ware aada to datanlna tha optiaiai oparatli^ point for tha aijcar. A 
aatchlng network waa than aada to aatch tha IF lapadaaea that oecura at that 
point. 

2.0 Work to ba Parfomad Purina tha Meat Period 

AaoMblyt teatlxig and evaluation of thaea aixara will conttoua. 
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SlltiaY OF WOIK 


l.O lllxTi 

Th* 183 GBt front ond and IF eonponontt wort ranovod fron 
tha B>57 radloMtar ayatan for taatint and avaluatlon. Tba IP 
nolaa figura eontrlbutluna at aach dMumal vara naaaurad with and 
vlthout tha PEL trlplasar •asing a nolaa dloda. h aunnary 
of tlM IP nolaa flguraa la abovn In Tabla 1. Tha nain problana 
with tha trlplaxar ara that tha eroaaovar fraquanclaa ara off 
alnoat 500 NHi on tha two lowar banda and tha ovarall Inaartlon 
loaa in tha paaabMid la allghtly highar than axpactad. Thaaa 
problana will ba Invaatlgatad and aolvad prior to tha naxt 
aat of fllghta by IU8A/G8PC. 

Iteaaurananta of ayatan nolaa flguraa at 183 GHa (uaing tha 
X2 aubhamonlc nixar) vara nada with a radlonatar aaaanblad 
In tha lab. Tha nolaa flgurea naaaurad during thia taat ara 
auanarlaad In Tabla 2. An IP natchlng natwork vaa nada at 
1.7 GHa to ahow tha affaet of natchlng on ayatan nolaa figura. 

A 2 dB l^rovanant In nolaa figura haa baan achlavad through 
IP notching. Thla l^llaa that a 7.2 dB ayatan Mlaa figura 
at 750-1250 )Bi la acUlavabla alnca 9.2 dB waa naaaurad without 
a notching natwork. 

Thaaa naaaurananta vara nada with tha only nixar availabla 
during thla parlod. Siibatrata clrculta hava bam in abort 
aupply. Tboaa ara not tba boat nolaa flguraa that hava baan 
naaaurad and battar nolaa flguraa ara axpactad with thaaa nlxara. 
Tba lana and trlplaxar wara not uaad during thla taat. Tba 
ayatan nolaa flguraa ara MB and Includa contrlbutlona fron tha 
horn* BP wavagulda* BP nlanatch* LO nolaa* nixar* IP praanp and 
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Table 1 


IF NOISE FIGURE CONTRIBUTIONS 


Nolee Figure (dB) 


Channel 

IF Aav 

Triplexer 

Cable 

Tote] 

1.5 - 3.0 

2.5 

1.5 

0.8 

4.8 

4.0 - 6.0 

3.2 

2.0 

1.0 

6.2 

7.5 - 10.0 

5.2 

0.5 

1.9 

7.6 


23 


1 


Table 2 

183 CHz EADI(»ffiTER SYSTEM NOISE FIGURES 
IF Frequency IF Noise Figure Syat^ Noise Figure 


0.75 • 1.0 GHz 2.0 dB 
1.5 • 3.0 GHz 2.5 dB 
1.65 - 1.75 GHz* 2.5 dB 


9.2 dB 
11.0 dB 
8.7 dB 


it 

Measured with an IF Matching Netmrk 
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and IF nititatch. Mora substratas hava baan racaived and othar 
■Ixera can be teatad ifhen aaaaablad. 

2.0 Plana for Next Period 

Efforts to lower systaa noise figures at 183 td.ll continue. 
The next step is to wake a broadband watching network. More 183 CSlz 
subharaonlc adxars will be aaseabled and tested. A solution to the 
triplexer problea will be investigated. 
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1.0 MIXERS 

Mixer a*8egd)ly and evaluation has continued during this period. 
However, no noise figures better than those previously reported 
have been achieved. A 1-2 GHz matching network has been designed 
and Is being fabricated for use with the subharmonlc mixers. 

The problems that occurred %rlth the mixers during the flights 
of the B-57 radiometer have apparently been solved. A subharmonlc 
mixer with the new NlAuro whiskers has been flying In the Arctic 
region over the past three months, taking 220 GHz passive Imaging 
data. It has been exposed to many large tenperature cycles and 
vibrations during these flights, and has not degraded In performance, 
showing remarkable reliability. 

2.0 WORK TO BE PEREORMED DURING THE NEXT PERIOD 

Assembly evaluation and testing the subharmonlc ndxers will 


continue. 
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1.0 MIXERS 


During this next period, several papers vill be presented at the 
IEEE International Conference on IR and MM Waves in Miaal [1-5]. These 
papers describe the results obtained with alxsrs originally designed 
and/or developed under this grant. Systcas in which these subharaonic 
alxers were used and soae data obtained with these systeas vill be 
described and presented at this conference. 

2.0 MIXER EVALUATION TECHMIQDES 

Also during this period a coaputerlzed version of the autoaatic 
noise figure aeter was perfected. This version calculates system 
noise figure, IF alsaatch, and alxer noise figure using an HP 85 
coaputer and a DVM with an HPIB coia>atible output. A tuning routine 
has also been developed. 


3.0 WORK TO BE PERFORMED DURIMG THE NEXT PERIOD 

The sealannual report will be prepared. Mixer asseably and testing 
will continue. 
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OmOlNAL fMK. IS 
OF POOR QUALITY 


A COHUUBIT 225 <Mi HCKim 


W-5-f 


X. E. XortythR 

GoorgU lAStitttto of TtcHBoXogy 
Engintoring Exporiatat gcotion 
GoorgU 50532 


Abotroct 

A rocolvor for uoo at 22S GK^ haa boon 
daaipiad and built. It uaaa a lov noiaa» 
aubhaimmlcally puapcd« balancad alxcr that 
raquiraa a local oac ilia tor (LO) at only one 
fourtn tha aignal fraquancy. Tba local oac ilia tor 
la a coMarcially availabla 56 GHz phaaa locked 
Gunn oacillator with z 50 wU power output. 
Pralialnary raaulta indicate a 12 dB ayataa noiaa 
figure (DSB). 

Introduction 

A low nolle, fourth haraonic balancad aixar 
eaploying antiparallal diodci was developed 
becauac of the deiirablllty of having an all 
•olid state coherent receiver at 225 GHz. 

Because phase locked Gunn LOs are not available 
above 100 GHz, tha decision was aide to develop 
a new aixar for use at 225 GHz. Subharaonlc 
aixers have found aany useful applications for 
MB-wave ay steal because of their low noise, broad- 
band frequency conversion properties [1]. They 
have been used as receivers and radioaetcrs for 
both airborne and ground based systaas [2-4]. 

This report presents preliainary results on the 
developaent of a coherent receiver which uses a 
relatively low frequency, solid state, local 
oscillator and a fourth haraonic aixar to fora 
a low noise, superheterodyne receiver at 225 GHz. 

225 GHz Receiver Description 

The receiver, shown in Figure 1, consists of 
a corrugated horn, a fourth haraonic aixar, a 
variable attenuator, a solid state phase locked 
Gunn LO, and an IF preaap. The corrugated 
conical horn is of a standard design scaled for 
use at 225 GHz. It contains a circular to VR-4 
waveguide transition and a WR-4 to WR-5 
waveguide transition. The sixer, shown in 
Figure 2 , Is fro» a design developed at Georgia 
Tech and uses a coablnation of suspended 
substrate strlplinc and waveguides to achieve low 
loss [5]. A diagras of this sixer is shown in 
Figure 5. The signal input is WR-5 waveguide 
and the LO Input la WX-19 waveguide. These are 
connected via a stripline channel. The diodes 
are located in the signal waveguide so that no 
signal is transsitted through the stripline 
channel. A low pass filter is located above 
the diodes to reflect the signal energy (225 GHz), 
pass the LO to the diodes, prevent the 
generation of second harmonic sixing and help 
■etch the diodes to the signal energy. Another 
low pass filter, on a larger stripline circuit, 
is located above this circuit at the LO wave- 
guide. It prevents the LO energy (56 QHz) item 


backshort is used to aaxinise the coupling of the 
LO to the diodes. The signal backshort is weed 
to help match the 225 QIz energy to the diodes. 
The aixar is followed by an IF preaap with a gain 
of 30 dB. This device has a 2 dB noise figure 
over a 500-1000 MU frequency range. It Is 
followed by another IF aaplifler and filtered 
with a 780 Miz bandpass filter having a 78 Mta 
bandwidth. 

iasults and Conclusions 

The total syatea noise figure (DSB), based 
on a Y-factor aeasureaent using free space 
absorbers at LH. and room teaperature, has been 
amasured to be 12 dB with a 500-1000 HHz IF. A 
breakdown of the systea noise figure contribu- 
tions is given in Table 1. The LO power 
required for optiaua performance of the receiver 
is about 20 The noise figure deg&ades very 
little when using a 2-4 GHz IF bandwidth. This 
indicates chat broadband systems are easily 
achieved with this front end technique. 

This receiver is believed to be the only 
one of its kind In existence and represents a 
significant breakthrough in receiver technology. 
Future efforts will focus on higher frequency 
devices and optimization of the current devices 
that have now been developed. Although low noise 
figures heve already been achieved, further 
improvements are anticipated because these are 
only the first devices of their kind at these 
frequencies. This receiver is part of a larger 
system being developed at Georgia Tech for 
field use by HVL [6]. 
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Figure 3. Fourth Harnonic Mixer Diagram. 


Table 1 

225 CHi RECEIVER NOISE FIGURE SUMMARY 


Item 

Measured 

Horn /Trans it ion Loss* 

l.S dB 

Mixer Noise Figure (DSB) 

8.5 dB 

IF Preamp Noise Figure 

2.0 dB 

Total Noise Figure 

12.0 dB 


^Estimated 
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Abttract 

A du«l-fraqu«ncy patslvA aiUlMCar-wav* air** 
bornt iMgint lyitM hai b«aa aatMibiad and flight 
taatad using cha Naval Raaaarch Laboratory NP-3A 
aircraft. Tha syataa Incorporatas a 140/220 CHa 
radioMtar built by tha Caorgia Inatituta of TacK- 
nology* and a scanning mirror and a microprocastor 
controUad data acquisition unit built by tha Naval 
Rasaarch Laboratory. Tha syatam vill ba dascrlbad 
and sal ac tad maasuramants prasantad. 

Introduction 

Millimatar wavas art of graat intarast for 
survaillanca and targating applications bacausa 
thav offer tha advantagar of being covarti passive, 
low power and difficult to jam compared to radar 
and provide nearly all-waathar and day/night opar* 
at ion conparad to infrared and optical systems. 
Hilllnatcr waves arc an attractive and viable com- 
promise In the trade-off between increased resolu- 
tion, obtainable at shorter wavalangtha, and de- 
creased weather penetration. Airborne systasu have 
been demonstrated at 90 GHs (1) and targat/cluttar 
measurement made (2). Tha system described hare 
successfully extends airborne lagging to the atmos- 
pheric windows in the region of 140 and 220 GHz. 

140/220 GHz Radioaatar 

The 140/220 GHz radiometer is a low noise, 
broadband, solid state, total power radiometer. A 
block diagram of this radiometer is shown in Figure 
1 |3l* It consists of two main parts. Tha remote- 
ly located, temperature controlled portion, shown 
in Figure 2, contains the RF, IF, and video compo- 
nents as well as a regulator/switching network for 
the local oscillators. Hie control unit contains a 
dc to dc converter, main power filters, and a ten^ 
perature controller. It also controls system opera- 
ation. On the front panel the temperature of the 
remote portion is set, the 140 GHz mixer bias and 
Gunn current are monitored, and a dc offset control 
and adjustable integration time switch are provided. 
Video bendwidths up to 40 KHz ere provided ae out- 
puts for fast sampling times. The radiometer pro- 
vides sn snslog voltsgt which is proportional to 
the brightness temperature that the entenne is view- 
ing. The RF is downconvercted to s 2-4 GHz IF fre- 
quency. A square lew detector Is used after IF 
emplificetion to convert the IF to e dc voltage. 

This voltage ie amplified by an ultra low noise dc 
amplifier end then low pase filtered to provide e 
clean radiometric eignal. The system is operated 
by turning on three svi tehee on the front panel of 
the control unit (power, Gunn, end heater). Opere- 
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lion at 140 or 220 CHt ia choeen by cha uaa of the 
140/220 GHz select switch. The ancanne conaiata of 
a ala inch TFX lent illumlnatad by both tha 140 and 
220 GHz corrugatad fead horna uatng a polarisation 
diplaaar. The dlplexer la e parallel grid of etch- 
ed Mtellic lines on e thin mylar sheet. It is 
oriented to reflect vertical (220 CNs) and trenamit 
horlsontal (140 CHt) polsrlsatloa. It Is placad at 
a 45* angle to the lane ao that the 140 CHt horn 
le in line with the lane «#hile the 220 GHz horn 
ie at e 90* eiule to Che lene/140 CMs horn 
combination, jtm 140 GHz front end conslste of a 
wifar typa aingle andad aimer /praai^. An automatic 
biae matwork provldas aimer biee when the eyetea is 
ewlcehed on. The LO end elgnel ere coupled to the 
mixer using e dlreccionel filter. The directional 
flltar is s cylindrical resonant cavity which acts 
ae s bendetop filter (centered ft the LO frequency 
of 135 GHz) for the horn/aixer path end e bendpeea 
filter for the LO mixer path. It cleene up the LO 
power, exhibiting only 4 di LO loss end 0.75 dB 
eignal lots to the mixer. The LO le e aolid etete 
47.5 GHz Gunn end 135 GHz doubler providing 10 aM ^ 

output at 135 GHz. The 220 GHz downconverter ^ 

coneietz of « eubhermonicelly pumped balanced 
mixer/ preamp (4]. This device uaee e combination 
of epee lei ly deelgned euepended tube t rate circuits 
and wavtguidt to provide low loss, broadband down- ^ 

conversion. The LO ie e solid state 36 GHz Gunn 
followed by s 108 GHz triplet with 28 aW power 
output at 108 GHz. Thcee front ends share common 
post IF/ video electronics vis s SFDT IF switch. 

Summaries of system performance levels end system 
noise figures ere given in Table 1. This rsdioaeter 
has been built to operate in the F-3 aircraft 
environment. Four power filtering circuits have 
been provided to protect the radiometers* electron- 
ics end front end components end to insure e clean 
radiometer signal during date flights. Ths system 
has also been ruggedized to withstand vibrations, 
shocks, power eurgea and powsr interrupts. RFl 
shielding has also been provided to prevent Inter- 
ference it the IF frequencies. 


Scsnnsr end Pats Aquisition 


The entenne electrical axis end the mirror 
rotational axis arc coliinear and parallel to the 
flight direction. The elliptical mirror Is mounted 
at 45* to its rotations! axis thus projecting the 
seme circular aspect to the entenne at all scan 
anglea. This geometry minimizes variations with 
scan angle due to spillover of the entenne recep- 
tion pattern pest the mirror. The antenna been le 
scanned perpendicular to the flight direction at a 
constant angular rate of 1200*/eec over e 90* field 
of view centered on the ground track; successive 
Bcene generating e raster over the ground with 
aircraft motion. The mirror is then eecelereted end 
deeceelereted over the remaining part of a revolu- 
tion by e epecielly designed gear mecheniem eoch 
that the 270* esetor ie ecenned in the seme time ee 
the 90* sector. This scheme allows contiguous 
■cans of the antenna bsM from one half the eir- 
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cr«(t 4ltitudt, «nd hcncc twlc* th« turf act rtsolu- 
tlon, or alttrntttly t 1.5 db Inprovtwtnt in • Ig- 
««^i-U-noltt 4t Cht •«fnt altltudt, at %#ould bt 
obtaintd with a conatunt acan. Tht radijnttar 
output la aanpltd tach 0.5*» a 2.4 rai«, during 
tnt 9o* actna a«c tor aftar baiiig paaaad through a 
1.2 Khi lov p.iaa flitar. Tht nolaa par aaapla, la 
tharafora, 49 i iaca that llatad for a ona aacond 
intagratlon tn Tabit 1. During tht 270* aactor lb 
aampli^ ar»* takan aa tht antanna auccaaaivaly vlawa 
tvA abaorhrrs at dlffarant laaptraturaa to providt 
an abaoluta taaparatura calibration of tha ovtrall 
ayatam. Each aanpla la digltiaad with l2-blt 
praciaion and racordad on aagnatic tapa. Alao 
racordad art tha abaorbar tanptraturaa, tha pitch, 
roll, drift angla and htading of tha aircraft, th« 
latitudt, longitudt, ground aptad, altitude, tiPt, 
chtrmal infrared iaaptratura of tha aurfaca, air 
tamptratura and daw point. Tha poac racant 320 
acana ara alao diaplayad raal-tlma on an onboard 
color aonltor. 


A aaulta 

Pott flight procaiaing of tha raw data baglna 
with convaraion of tha output aamplaa to abaoluta 
antanna taaparatura uaing tha abaorbar calibration 
tapparaturaa. Cor*’actiona ara than appilad for 
antanna apillovar to obtain abaoluta brlghtnaaa 
tanparaturaa and thaaa data raaanplad to corract 
for v/h affacta, gaomatrical projactlon diatortion 
and aircraft roll. An axappla of a raw iouga takan 
froia tha onboard monitor ia givan in Figura 3. 
rhia ia a 140 GHs image taken from an altltuda of 
1000 m whiia ovarpaaaing a NAVY P3-A aircraft at a 
relativa altltuda of approxlmaialy 100 n. An ax* 
ample of procasaad data ia givan in Figura 4. 

Ihia ia a 140 GHt image takan from 3600 m through a 
aolld 300 to bOO m cloud layer. A fine niat or 
drlaxla waa being experienced on tha aurfaca at tha 
time. Tliia demonatrataa tha weather penetration 
atiil poaaibla at fraquanciaa aa high aa 140 GHx. 
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Figure 2. 140/220 GHz RADIOMETER 
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^iSroet 

lubiioraDaleoUr poaiM* bolMcoA oixori 
hovo ^otfl dtvolofoA for floM MMoroMit 
orotoM ot 1I3-22S out, THooo visoro oro oocooi 
m4 fourtli honmie (X2 oti4 X4) AiMro o»4 oro 
dooigfio^ for not with ooU4 ototo local 
doc 11 latere, frolliilnary ■aaouroaifica Ui41cata 
oiMr noioo fi$oroa <Mi) aa low aa 4*5 41 hoot 
b^n ach loved wit A thoao dowicoa* 

lat rodttctioti 

Sutfuroooie wimra oafrloyiAf ofttirarallol 
diodoa are liigAl^r doairaAla for low oolao» 
broadband ayacoa arblleatioftO. ieaa of cliolr 
aoat noted foaturoa are tbac tiioy have low iicioo* 
low loaa, to mm aoiao cancollailon and no need 
for oxtomal biaa eircoltry tl»2]. Moat 
lo^rtMtly, tlioy rodoiro only one luilf or one 
fourth the aifnal frequency aa aoureea for local 
eaciil*«tora. Minora of chla type have been 
developed at Georgia Tech particularly for iiee at 
1S3*22S mt, and the prelininary reaulta are 
preaented here. Nine ouch nixera (aix X2 tmd 
three X4) have been nachinod and are beiat 
aaaoiAled and teated to inaure reliability and 
perfornance. TWo have been ua^ on flight 
radionetera for NASA and Kit (3-5J. Thane are tZ 
veraiona. One eperatea at 183 CMt in an 
inaging radioneter takUg hi#« altitude water 
vapor profile data and atom inagea, and the 
other operatea at 220 GMt taking low altitude, 
high reaolutioo, radionetrie inaeea on board a 
P-J aircraft. Othera will be need on ground 
bioed ayateaa fot paaaive inaging of targeta and 
cittttar at 220 CMi (aloe a X2 veralM) and aa 
part of a coherMt receiver at 273 GMa (a KA 
verrion) for ItVL (8*8J. 

Mixer Deecriotioa 

The X2 nixar ia aa upgraded vereioa of a nlier 
deter ibed in an earlier publication [8]. The nein 
differencea are that the eignat waveguide haa been 
•hortened, thinner quarta aubatratea are uaed, 
the circuit haa been acaled to a higher 
frequency, and the LO wevegui^ input pert ia 
interchangeable with the LO backahert ao the 
nixar can be oriMted in different ayetena in the 
noat tiofivenieat way. tn addition, the diode 
contacting procedure la done ia an open atructuie 
and nonitered viaually ueing a nicroaeope* Thia 
allowa the uaer to have nore control over the 
different variablea that effect ninar perfocnenca. 

The nixera a h ow n in figuree 1 and 2 were 
originally deaigned with a low f requenc y (8.8 GMt) 


the edge of the circuit can be eeM when loebing 
down thia waveguide. The LO ia then reflected 
by the XF filter Md puaeed by the LO filter 
to the entiperallel dlote pair. Ao adjuet^le 
LO beck^rt ia provided for naxinun eoi^ling 
of the LO energy to the diodea. The aigiial 
waveguide ia linearly tapered to half height 
Vi-5 waveguide. The diodea are Mounted ie thia 
waveguide. Aa ndjueteble beckehort ie previM 
for if Mtcbing of tke diodee to the eigael. 

The LO filter reflecte the eignal energy end 
preventi it fron leaving the eipiel wevaguide. 

Xt alee helpe natch the diodee to the eipMl. 

The XF ie peeaed by both filtera to tbe XF out- 
put port idiich ia an SMA connector whoee conter 
conductor ie connected te tbe eubetrete’e 
center conductor by a aoldarad gold ribbon. 

Tha diodta art Sebottky barriar diodaa 
fora^ in a planar array on tha fact of a 0,010^ 
br O.OOS** by 0.005** GaAa chip, Tha circuit ia 
conplated by aa ohnlc contact Mcda by a 0.0005** 
Miaure whi^r atchod to a fino poite. Two 
cbipa ara uaad. Ona la placad on top of tha 
aignal wave^ite facing mmi tha othar ia on 
tha botton facing up. Saparata contact of ont 
dloda on each chip la wad# in tha following 
nnanar. A whiakar and diode chip ere ceiefully 
aounted on the and of e ^ibetrete which hee heen 
fluid in placa in tha body atructura. Anothar 
uhiaker ia nountad on a 0.032** dianatar pin and 
another diode chip ie Mounted on e eeperete pin. 
Theoe pine arc then puehed into the Mixer ho^ 
free the hotton. Vhee the diodee ere cleee te 
the whlekera, the pine ere puehed ie with e 
differeetiel adcroMoter while heieg viewed with 
e idcreecope. The circuit ie electrically 
Moeitered for dc cherecterletice with e curve 
tracer and tha oluiic contacta ara axaMlnad under 
an ttN. Tha nixar body ia tb€c aaM*lee and 
taatad for noiaa figure ie an onetlc aeiee 
figure teat eet-up. 

Tbe fourth beraonte nixera ere of ainiler 
deelgn aiKept that the LO filter blocka the 
•econd hemenic nixing product ee wall. Aleo, 
a largar circuit ia uaed for tha LO diplaxing 
and coupling. Thia largar circuit ia connactad 
to tha 0.0025** circuit with a aoldarad gold 
ril^oa. 

Mwat. m* 

The reeulte oheeined with thege niaere ee 
far ere eunneriaed ie Tehle X* Thane nee eur eMte te 
wore node ueing a T- factor noaaurenaet aa tha 
ninarg viewed li^*id nitregon er roen teaperetim 
free egece cheerbieg leede. The reeulte ere 
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Bodsl and scaled according to elec troaagne tic 
scaling laws. The alxer Is a hybrid structure 
which consists of two waveguides (LO and RF) 
and a suspended substrate strlpllne circuit 
oriented >rthogonally to each other, as shown 
In Fig re J. This circuit Is oriented In the 
center of the E-pl ^ne of the LO wayegulde. Only 
are currently b« 1D(.> investigated and significant 
laprovenents In syrtea performance for solid 
state receivers using these sixers (particularly 
with the X2 version at 220 GHz) are 'xpected. 
Hixer work at Georgia Tech Is currently focused 
on optialzation of ahlsker lengths, diode 
type/size, diode placement , and the Integration 
of IF preaaps. 
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double sideband mixer noise figures and include 
LO noise, IF mismatch and RF mismatch 
contributions. Typical improvements of 1-2 dB 
can be obtained by matching the IF port. LO 
noise contributions can be significant. For 
this reason, the LO type is Included In the 
table. Techniques for cleaning up LO noise 


Figure 3. 


Subharmonic Mixer Diagram. 
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